STELLAR CONVECTION IN
LATE-TYPE GIANTS AND SUPERGIANTS
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Solar Supergranulation and Surface Flows

High resolution SOHO - MDI magnetogram overlaid with lines of
convergence of the photospheric horizontal flows.

o Measured flow shown as colored arrows; red = downflow, blue = upflow.
e Green dots mark the convergence points.

e Magnetic field; light grey for positive fields, for negative fields.
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surface brightness; 3—dimensional simulations
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1AU1T79, Kodaikanal: Magnetoconvection [ntroduction (0.3)

Solar Convection

@ (lobal / Convection Zone
O Inner 3-4 orders of magnitude in density
B 95% of CZ depth
O Scales of the order of CZ depth
© Tum-over times ~ months
© Polytropic stratification
B index ~ 3/2, nearly ideal

@ Surface layers
© QOuter 4-6 orders of
magnitude in density
®m 5% of CZ depth ~ 10
Mm
O Scales trom several x 10
Mm to below 1 Mm
© Turn-over imes from days
to minutes
O Stratification: ~exponential
B polytropic with large
index
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Stellar Dynamos
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Manifestations and Effects
of Stellar Magnetic Activity

HELIOGFHERE

EADLATION

* Solar luminosity shows eyclic * In solar/stellar atmospheres:
changes — magnetic regions & star spots;
— mnduced clinate changes on Earth, — very hot outer atmospheres,
such as the 17th-Century Little Ice — exploswe flares & high-energy
Age during the solar Maunder particles and radiation,
rmnmum stellar wind & coronal mass
ejections

10 March 2000 Introduction to the Stallar Imager and Seismic Probe




Stellar Oscillations
Source: Lecture Notes on Stellar Oscillations, Jorgen Christensen-Dalsgaard

(Aarhus University, Denmark) — http: //www.obs.aau.dk/ jed /oscilnotes/comb-
h.tex.ps.gz


http://www.obs.aau.dk

MDI Imaging of the Sun

 Single Dopplergram from Michelson Doppler Imager (MDI) on SOHO.
e MDI measures the photospheric radial velocity.

e Dominant effect in single Dopplergram is solar rotation.

Single Dopplergram

(30-MAR-86 19:54:00)
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MDI Imaging of the Sun

» Subtracting an average Dopplergram (summed over 45 minutes) from a

single velocity image reveals the surface motions associated with sound
waves traveling through the Sun’s interior.

» The smallscale light and dark regions represent the up and down motions
near the solar surface,

¢ The pattern falls off towards the limb because the acoustic waves are
primarily radial.

Single Dopplergram Minus 45 Images Average
(30-MAR-96 19:54:00)
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Figure 5.6. Cyclic frequencies v = w/2w, as functions of degree [, computed
for a normal solar model. Selected values of the radial order n have been
indicated.
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Figure 2.1. Contour plots of the real part of spherical harmonics Y™ [cf.
equation (2.1); for simplicity the phase factor (—1)™ has been suppressed)].
Positive contours are indicated by continuous lines and negative contours by
dashed lines. The § = 0 axis has been inclined by 45° towards the viewer, and
is indicated by the star. The equator is shown by “++++". The following
cases are illustrated: a) =1, m=0;b) =1, m=1;¢){ =2, m=0;d) !
=2,m=1¢e)l=2,m=2{)l{=3,m=0;g) =3, m=1h)[=3m
=21)l=3,m=3;j))l=5m=5k)=10,m =5;1) 1 = 10, m = 10.
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Rotation Rate, nHz

Solar Internal Rotation

o Inferred rotation rate as a function of depth and latitude derived from
SOHO helioseismology.

e Convection zone rotates uniformly along a radius with all depths showing
the surface differential rotation.

e Below the convection zone is the shear layer of shear connecting to the
rigidly rotating radiative core.
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Solar Internal Temperature Distribution

Tl ¥ "
o Blue layers - sound speed (and temperature) 1s lower than expected

o Higher temperatures than expected seen at the transition between the
convection zone and the radiative core. This shear zone, between the
faster-turning outer region and the slower interior, is directly related to
generating the magnetic dynamo.

e The core is cooler than predicted by ~ 0.1%. Although the discrepancy
may seem small, it implies that the thermonuclear energy generation
could be underperforming at present.

[Credit: SOHO (ESA & NASA), MDI/SOI and VIRGO data imaged by A. Kosovichev,
Stanford University]



STARSPOTS - Doppler Imaging
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Most information on starspot distributions on active stars has
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STARSPOTS - Doppler Imaging

Doppler images of UZ Lib (KO 11I, rotational period 4.7 days) con-
structed by Strassmeier (1996, A&A 314, 558) based on data from
1994 March. These images show many features typical of active stars:
strong photospheric temperature contrasts with cool spots spread
over the stellar surface, large spot filling factors, the presence of po-
lar spots.

UZ Librae
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SURFACE STRUCTURE ON RED SUPERGIANTS

e Red giants and supergiants show only weak magnetic
activity.

& Their atmospheres are dominated by wind outflow.

e Do not expect large starspots as on the Sun or active
stars.

& Supergiants may show giant convective cells in their
photospheres - suggested by Schwarzschild (1975 ApJ
195, 137).



SURFACE STRUCTURE - HST UV Imaging

e HST imaging using FOC and other cameras shows asymmetric ligh dis-
tribution in Mg I1 2800A emission (Uitenbroek et al. .

e Size of disk 15 ~ 2R, Hs.ﬂ' -.#4‘-'!1:-- ‘l 'I.Tﬂﬂl

Crova lon slit spact
Y euts)

e This emission is being formed in base of wind.

|79 T
March =
,,-_-L: \31 Pe



SURFACE STRUCTURE - Optical/IR Interferometry

¢ Optical interferometry of a range of red supergiants frequently detects

asymmetric light distributions - “hot spots”.

¢ “Hot spots” are seen to be time variable and sometimes are not present

at all.

e As an example, below, are reconstructed images of Betelgeuse T000A

and 9050A (Young et al. 2000 MN 315, 635).

o Presently, it is very unclear whether these correspond in any way to the

Schwarzschild convective cells.
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SURFACE STRUCTURE - Aperture Masking

e Non-redunant aperture masking using large telescopes provides similar
images.

e Another example of Betelgeuse from Young et al. (2000).

Betelgeuse 700nm
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SURFACE STRUCTURE - Radio Interferometry

e Radio images of supergiants show nonuniform emission.
e Lim et al. found an asymmetric disk at 7 mm for Betelgeuse.

¢ This emission is extended and formed in regions of similar size to the
UV emission lines.

Tmm Radio Image of
Betelgeuse's Atmosphere
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Figure 5.4. Propagation of acoustic waves, corresponding to modes with [ =
30, v = 3mHz (deeply penetrating rays) and | = 100, v = 3mHz (shallowly
penetrating rays). The lines orthogonal to the former path of propagation
illustrate the wave fronts. '
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